A 2008-2010 survey of mite fauna in spinach greenhouses found 24 females of a phytoseiid mite species of the genus Neoseiulus in soil and spinach sprouts. This species was identifi ed as N. harrowi (Collyer), described originally in New Zealand and Australia and new to Japan. This species is the fourth member of the N. barkeri species group among Japanese phytoseiid fauna, and was given the Japanese name 'hourensou-kaburidani'. The species was observed associating with a spinach-damaging mite, Tyrophagus similis Volgin, in the greenhouse. The present paper describes the habitat of N. harrowi and presents a simple method of distinguishing it from the three other domestic species of the N. barkeri group (N. barkeri Hughes, N. makuwa (Ehara), N. womersleyi (Schicha)).
INTRODUCTION
Damage to greenhouse spinach crops caused by an acarid mite, Tyrophagus similis Volgin, has increased considerably throughout Japan in recent years. The establishment of a sustainable method of controlling this soil-inhabiting pest is urgently needed (Kasuga and Amano, 2000) . During a survey of potential natural enemies of T. similis, many mesostigmatic mite species were extracted from greenhouse soil and spinach sprouts (Saito and Takaku, 2010) . Among them, a phytoseiid species was observed in several survey areas. The family Phytoseiidae includes many species with different degrees of predacious ability. Those that attack spider mites and thrips have been well studied and several species have been commercialized as biocontrol agents throughout the world (Gerson et al., 2003; Chant and McMurtry, 2007) .
To date, no phytoseiid mites have been considered useful natural enemies of T. similis. The species described in this study may provide a new opportunity for the integrated pest management of spinach-infesting acarid mites.
MATERIALS AND METHODS
A systematic faunal survey of natural enemies of T. similis began in 2010 as part of a program supported by the Agriculture, Forestry and Fisheries Research Council of Japan. During this survey, soil and sprout samples were taken from spinach greenhouses in Hokkaido, Gifu, Nara, Yamaguchi, and Kagoshima prefectures and phytoseiid mites were extracted from the samples using a Tullgren funnel. Specimens were mounted in Hoyer's medium and identified under phase-contrast and differential interference-contrast microscopes. Given the identification of phytoseiid mites in the 2010 samples, conserved specimens collected in previous years from the same areas were also included in the present study.
The setal nomenclature of phytoseiid mites used in this study follows Chant and Hansell (1971) and Rowell et al. (1978) , but designations following the old coding system of Garman (1948) are also listed in Table 1 .
RESULTS AND DISCUSSION

Description
Phytoseiid specimens that appeared to belong to the same species were present in samples collected in Gifu and Nara prefectures. Table 2 presents the collection records of these specimens. In total, 24 adults (all females) were collected in 2008-2010 from the two prefectures; most were extracted from spinach greenhouse soil using a Tullgren funnel.
Based on specimens originally collected from Nara prefecture (* in Table 2 ), the species was identifi ed preliminarily as Neoseiulus harrowi (Collyer) , which has not been recorded previously in Japan. Specimens examined (* in Table 2 ) are retained in the Laboratory of Ecological Information, Graduate School of Agriculture, Kyoto University.
Identifi cation
Specimens originally collected from Nara prefecture on 9 September 2010 showed characteristic features of the N. barkeri Hughes species group, including the absence of macrosetae on legs I-III, typical spermathecal shape, and characteristic pattern and shape of the dorsal setae. Beard (2001: p.80 ) described the characteristic features of this group as "the shape of the spermathecal apparatus, T-shaped spermatodactyl in males, seta Z4 smooth, gd2 absent and ventrianal shield reticulate in both sexes, quadrate in females." The features applicable to females fi t well with those of our specimens.
Figures 1 and 2a,d show the dorsal and ventral setal patterns, chelicera, macroseta on leg IV, All measurements are in μm. * Six of 10 specimens taken from a population which was originally collected at Haibara on 2010/09/09 (in Table 2 ) were measured for each seta except in j1(n=5). Only one of a pair of setae was used from each specimen in the analysis. and spermatheca of the specimens collected in this study. The morphological characteristics of the specimens are similar to those of N. harrowi (Collyer) , originally designated by Collyer (1964) in New Zealand and later described in detail by Schicha (1980 Schicha ( , 1983 Schicha ( , 1987 and Beard (2001) in Australia and New Zealand (for historical and biological details of this species, see Beard, 2001 ). Ehara and Amano (2004) designated 11 species of the genus Neoseiulus in Japan. According to the criteria of Chant and McMurtry (2003) , three members of the N. barkeri species group (N. barkeri, N. makuwa (Ehara) , N. womersleyi (Schicha) ) were included in this list. Because N. womersleyi is readily distinguished from the other two species by long dorsal setae, we describe the morphological features of the species under investigation in comparison with those of N. barkeri and N. makuwa (Ehara, 1972) .
Morphological features
The dorsal shield has 17 pairs of setae (Table 1 , Fig. 1a ), including two sublateral setae (r3, R1). The sternal shield (Fig. 1b) has three pairs of setae and a fixed cheliceral digit with a distinct pilus dentillis. Leg IV has one long (45.7 μm) macroseta on the basitarsus (Fig. 1d) . The peritremes extend to the bases of j1. The spermatheca (Fig. 2a) has the distinct form of the N. barkeri species group, with a tube-like calyx and a thick-walled atrium that is forked at the junction with the major duct. Taking these characteristics together, we identified our specimens as N. harrowi (Collyer) and gave them the Japanese name 'hourensou-kaburidani'. The setal lengths of the specimens in this study (Table 1 ) are similar to those of New Zealand specimens (Schicha, 1980) , with slight variation. The most conspicuous difference is the slightly shorter Z5 in the Japanese specimens, although this discrepancy is considered to be within the range of interpopulational variation.
The features of the three related species are compared in Table 1 and Figure 2 . The dorsal setae are generally longer in N. barkeri and shorter in N. makuwa than in N. harrowi. Two posterior setae (Z4, Z5) of N. harrowi are much shorter than in the other two species (Table 1 , Fig. 2d-f) , which may be a useful discriminating feature. Table 1 also shows that the macroseta(e) on basitarsus IV differ in number and length among the three species. In addition, there are some differences in the shape of the spermatheca (Fig. 2a-c) : the arms of the tube-like calyx are progressively longer in N. makuwa, N. harrowi, and N. barkeri and wider in N. barkeri , and the forked atrium is larger in N. makuwa than in the other two species.
Remarks
Collyer's (1964) fi rst description of this species was based on three adult females collected from weeds in an apple orchard on the North Island of New Zealand. Unfortunately, her original illustration and specimen descriptions were not of scientific quality; Schicha (1980) later redescribed the species after remounting female lectotypes collected by Collyer. Schicha (1983) and Beard (2001) provided additional morphological and biological data after fi nding the species in Australia. Beard (2001) described this species on apple trees and orchard groundcover (in Tasmania) , and in litter beneath apples (in New South Wales). As the data collected in the present study also indicate, this species appears to have a strong habitat association with litter, soils, and groundcover.
Although Schicha (1983) synonymized Amblyseius salish Chant and Hansell with N. harrowi in a comparative study of neighboring species, this identity is diffi cult to confi rm because the peritreme of A. salish reaches almost to the level of j3 (Chant and Hansell, 1971: Fig. 97 ), whereas that of N. harrowi extends to the base of j1. Ragusa and Athias-Henriot (1983: p.666) suggested that N. harrowi (Collyer) was synonymous with N. agrestis (Karg, 1960) , but limited data currently prevent the confirmation of this synonymy. These authors stated that definitive identifi cation required future investigation.
Habitat and future prospects
The identification of Japanese N. harrowi specimens in greenhouse spinach crops suggests an association with populations of potential prey species, such as T. similis. To understand the ecological importance of N. harrowi and to examine the potential of this species as a biocontrol agent, its biological characteristics must be observed in fi eld and laboratory settings.
